This article is available online at http://www.jlr.org thesis ( 2 ). We showed that ChEH was fully inhibited by therapeutic doses of AEBS ligands, including drugs belonging to different pharmacological classes and widely used nutritional compounds. These compounds include tamoxifen (tam), one of the main drugs used for the fi rstline and long-term hormone therapy of breast cancers; raloxifene, which has been approved for the prevention of osteoporosis ( 3 ); amiodarone, which is widely used for the prevention and the treatment of anti-arrhythmia ( 4 ); trifluoroperazine, an antipsychotic drug used for the treatment of schizophrenia ( 5 ); and the omega-3 fatty acid docosahexaenoic acid, which is widely proposed as dietary supplement with health benefi ts ( 2 ). Extensive knowledge of the mechanism of action of all these molecules is required to prevent toxicity to patients submitted to longterm treatment with such inhibitors of ChEH.
Silica Gel 60-F 254 250 m precoated plates and visualized by warming after spraying either with 50% methanolic sulfuric acid or 0.2% ethanolic ninhydrin. Atmospheric pressure column chromatography on Merck-60 70-200 mesh silica was used for all purifi cations. 1 H, 13 C, COSY, HSBC, and HSQC NMR spectra were run at either 250 or 300 MHz using Bruker AC-250 or AC-300 spectrometers, and NOESY experiments were done using 500 MHz and mass spectrometry analysis on a quadrupolar Nermag R10-10 by either electrospray or chemical ionization. All RX data for all structures represented in this paper were collected at low temperatures using an oil-coated, shock-cooled crystal on a Bruker-AXS CCD 1000 diffractometer with MoK ␣ radiation ( = 0.71073 Å). The structures were solved by direct methods ( 27 ) , and all nonhydrogen atoms were refi ned anisotropically using the least-squares method on F 2 (SHELXL-97, Program for Crystal Structure Refi nement, G. M. Sheldrick, University of Göttingen, 1997). Cambridge Crystallographic Data Centre (CCDC) 851178 (5,6 ␣ -EC • 1/2 methanol); CCDC 851179 (5,6 ␤ -EC • methanol); CCDC 851180 (HSC); and CCDC 851181 (HAC) contain the supplementary crystallographic data for this work. These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/ retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; e-mail: deposit@ccdc.cam.ac.uk).
Procedure for comparing epoxide reactivity with 2-mercaptoethanol, 2-aminoethanol, and guanine
Styrene oxide, 5,6 ␣ -EC, or 5,6 ␤ -EC (0.1 mmol) were dissolved in ethanol (5 ml). Four equivalents of the test nucleophile [2-mercaptoethanol (ME), 2-aminoethanol (AE), or guanine (G)] were added and the mixture stirred at the appropriate temperature. After 48 h, the mixture was concentrated in vacuo, dissolved in EtOAc , washed with water, brined, dried over MgSO 4 , and the solvent was removed. The oil obtained was purifi ed by column chromatography, and fractions containing adducts were pooled. For the reaction with G, the same experimental conditions were used except for the work-up; i.e., the concentrated mixture was diluted in butanol and extracted with 1 M aqueous HCl. Aqueous layers were pooled, neutralized, and extracted with butanol. The organic layer was dried over MgSO 4 , and the solvent was removed. The reaction was monitored by TLC (EtOAc) and revealed with concentrated sulfuric acid and heating at 180°C for 1 min for 5,6 ␣ -EC and 5,6 ␤ -EC and UV detection at 254 nm for SO. The disappearance of the spot corresponding to the 5,6-EC and SO was used to measure the occurrence of the reaction of addition of nucleophiles to epoxides to give more polar compounds that did not migrate under these conditions.
Procedure for comparing epoxide reactivity in cell culture medium
Cholestan-5,6-epoxy-3 ␤ -ol. ␤ -EC was added to 1 ml of DMEM culture medium (CM) supplemented with 10% FCS to give a fi nal concentration of 60 µM (1 µCi/condition). The mixture was stirred for 48 h at 37°C. At the indicated time (1 h, 48 h), a 30 µl aliquot was applied to silica gel 60, 20 × 20 cm. TLC plates (Fluka, Germany) that had previously been heated for 1 h at 100°C and were developed using EtOAc. Radioactive 5,6-EC were visualized using a Storm 840 apparatus (Molecular Dynamics) and quantifi ed by densitometry with Imagequant software (Molecular Dynamics). Retention factors (R f ) were determined for each spot on the TLC plates as the ratio of the distance of migration of the eluate from the origin and the distance of the solvent from the origin. 5,6-EC have a R f = 0.67 ( 2 ) .
ChEH is ubiquitously expressed in healthy and tumoral mammalian tissues, and its inhibition by AEBS ligands could lead to the accumulation of 5,6-EC throughout patients' bodies.
Epoxides are three-member strained rings leading in general or normally to electrophilic compounds with reactivity toward nucleophiles to give ␤ -substituted alcohols in a regio-and stereoselective way in S N 2 conditions (10) (11) (12) . This reactivity makes chemicals bearing an epoxide group, such as benzo(a)pyrene diol epoxide or styrene oxide (SO), potent alkylating agents producing covalent adducts with proteins and nucleic acids, which contributes to their mutagenicity and carcinogenicity in mammals ( 13, 14 ) .
5,6-EC exist as ␣ -and ␤ -diastereoisomers (5,6 ␣ -EC, 5,6 ␤ -EC), depending on the orientation of the oxirane group with regard to the plane defi ned by the sterol backbone ( 1 ). 5,6-EC are known as major autoxidation products of cholesterol ( 15 ) , and 5,6 ␣ -EC has been reported to be produced stereoselectively by a cytochrome p450 in the bovine adrenal cortex ( 16 ). 5,6-EC diastereoisomers are rapidly metabolized in mammals through different routes. They are extensively transformed into CT by ChEH, and they can be esterifi ed with fatty acids acyl ester by acylcoA:cholesterol acyl transferases (ACAT1 and ACAT2) ( 17 ) into fatty acyl-cholesteryl esters, and with sulfate by cholesterol sulfotransferase (SULT2B1b) into the 3 ␤ -sulfate of 5,6-EC ( 18 ) . The 3 ␤ -sulfate of 5,6 ␣ -EC has been shown to antagonize the liver X receptor (LXR) signaling pathway ( 19, 20 ) , and recently 5,6 ␣ -EC was found to be a direct modulator of LXR, suggesting a physiological role for this 5,6-EC diastereoisomer ( 21 ) . Interestingly 5,6 ␣ -EC has been shown to be a better substrate than 5,6 ␤ -EC for ACATs and SULT2B1b and the sole 5,6-EC substrate for glutathione transferase B ( 22, 23 ) . The stereoselectivity of these enzymes and the receptors that are targets of 5,6 ␣ -EC suggest structural and possibly conformational differences in both diastereoisomers. Because of the presence of a putative reactive epoxide group, 5,6-EC were initially suspected to be carcinogenic and involved in the etiology of cutaneous cancers ( 24, 25 ) , although 5,6-EC were shown to be nontumorigenic in rodents ( 26 ) and the reactivity of 5,6-EC has never been clearly addressed.
The objective of the present study was to evaluate the reactivity of 5,6-EC toward nucleophiles under S N 2 conditions that could putatively give the compounds shown in Fig. 1 . We showed that 5,6-EC were neither reactive at ambient room temperature nor at physiological temperature (37°C). We established the fi rst structural analysis of 5,6-EC. We further established that 5,6 ␣ -EC was the only diastereoisomer that can undergo a ring opening reaction leading to the formation of cholestan-3 ␤ ,5 ␣ -diol-6 ␤ -substituted compounds through a trans -diaxial mechanism under catalytic conditions.
MATERIALS AND METHODS
Unless otherwise noted, all reagents were purchased from Sigma or Steraloids and checked for purity. [ 
Synthesis of HSC
To a stirred solution of 56 ␣ -EC (400 mol) in ethanol (5 ml) were added 2 M sodium hydroxide (800 mol, 2 equivalents) and then ME (1.6 mmol, 4 equivalents). After refl uxing for 24 h, the mixture was cooled and diluted with ethyl acetate (10 ml) and washed sequentially with water and brine. The organic layer was dried over MgSO 4 , and the solvent was removed under reduced pressure. The crude product was purifi ed by column chromatography Styrene oxide. Styrene oxide was added to 10 ml of DMEM culture medium supplemented with 10% FCS to a fi nal concentration of 60 µM. The mixture was stirred either for 1 min or 48 h at 37°C. After the indicated time, total lipids were extracted using the Blight and Dyer methodology ( 28 ) . The organics were concentrated to dryness in vacuo, dissolved in 50 µl ethanol, and submitted to TLC (elutant 1:1 hexane:diethyl ether) to visualize the disappearance of the SO spot after 48 h reaction (UV, 254 nm).
Procedure for quantifying cholesterol-5,6-epoxide reactivity with ME and AE
were dissolved in a solution of the considered nucleophile (4 equivalents) in ethanol (500 µl) containing LiClO 4 (4 equivalents), if needed. The mixture was stirred at the appropriate temperature for 48 h, and a 25 µl aliquot was applied to silica gel 60 and analyzed as described above. The transformation rate was determined by quantifi cation of the spot comigrating with nonlabeled HSC or HAC compared with the total radioactivity of the lane. 
2-(2-Hydroxy-ethylsulfanyl)-2-phenyl-ethanol. TLC R

Molecular modeling
The structure analysis and comparison between the three-dimensional (3D) structures obtained by X-ray analysis were done exactly as described previously with other compounds ( 30, 31 ) . Superimposition of the structures of 5,6 ␣ -EC and 5,6 ␤ -EC was done by superimposing carbons of rings C and D of the steroid backbone (C8, C9, C14, and C17). Van der Waals volume analyses were done using the steroid core of 5,6-EC, excluding the isooctane side chain of superimposed 5,6-EC. The percentage corresponding to the difference in the van der Waals volumes of superimposed 5,6-EC was calculated by subtracting the van der Waals volumes of 5,6 ␤ -EC to 5,6 ␣ -EC and the ratio of this value with the van der Waals volume of 5,6 ␣ -EC. The total energy of 5,6 ␣ -EC, 5,6 ␤ -EC, and HAC was calculated using the structure obtained by X-ray analysis and the CVFF force fi eld (InsightII, version 2000.1; Accelrys, San Diego, CA). The total energy of 5 ␤ -hydroxy-6 ␣ -[2-hydroxyethylamino]cholestan-3 ␤ -ol was calculated using the Discover calculation engine with the CVFF force fi eld (InsightII). The Build module was used for the creation of the 5 ␤ -hydroxy-6 ␣ -[2-hydroxyethylamino]cholestan-3 ␤ -ol molecule, using the X-ray structure of 5,6 ␤ -EC as a starting point. The C5-O bond was deleted, and the O replaced by the N of the aminoethanol moiety. H6 was replaced by a hydroxyl group, and a new proton was added on C6 to complete the molecule. The resulting conformation was then minimized using 250 steps of the steepest descent method, followed by the conjugated gradient method until the root-mean-square gradient was less than 0.001 kcal/ mol/Å. The CVFF force-fi eld was used together with a distantdependent dielectric term ( = r) and a 20 Å nonbonded cut-off distance. The fi nal energy of the system was compared with that of the solid-state structure of HAC. The conformations of the molecules were compared using the Search Compare module.
RESULTS
5,6 ␣ -and 5,6 ␤ -EC are unreactive toward nucleophiles in noncatalytic conditions, in contrast to SO
In the fi rst set of experiments, we evaluated the reactivity of 5,6 ␣ -and 5,6 ␤ -EC toward nucleophiles and putative products of addition ( Fig. 1A ) . AE, ME, G, and a complex cell CM were used as nucleophiles. AE contains a primary amine, ME contains a thiol group, and G contains two nucleophilic centers with an aromatic primary amine and a secondary aromatic amine. DMEM, the CM used for routine eukaryotic cell growth, contained about 13 mmol/l nucleophiles (mainly amino acids). The reactivity of the 5,6-EC was studied in protic solvents in which both reactants were soluble or directly without addition of solvent when testing CM. Thin layer chromatography was used to monitor the transformations of the 5,6-EC in conditions enabling their separation from putative transformation products. In the case of CM, we used [ 14 C]5,6-EC and followed up their transformation by TLC and autoradiography. Table 1 shows that 5,6 ␣ -EC and 5,6 ␤ -EC did not react with nucleophiles after 48 h at room temperature or even at physiological temperature (37°C). Under the same conditions, the carcinogenic compound SO reacted with the tested nucleophiles. These data established that 5,6 ␣ -EC and 5,6 ␤ -EC are stable epoxide-bearing chemicals that are unreactive toward (0-10% methanol in ethyl acetate) to obtain the product of interest as a white solid (90 mol, 23%). To obtain crystals suitable for X-ray analysis, HSC was dissolved in hot acetone, and water was added drop-wise until supersaturation. The solution was then allowed to cool at room temperature overnight for optimal nucleation and crystallization. 
Synthesis of HAC
To a stirred solution of 5,6 ␣ -EC (400 mol) in Ethanol (5 ml) were added LiClO 4 (1.6 mmol, 4 equivalents) and then ethanolamine (1.6 mmol, 4 equivalents). The mixture was refl uxed for 5 days, and after cooling was diluted with ethyl acetate (10 ml) and washed sequentially with water and brine. The organic layer was dried over MgSO 4 , and the solvent was removed under reduced pressure. The crude material was purifi ed by column chromatography (0-10% methanol in ethyl acetate) to obtain the fi nal product as a light-yellow solid (101 mol, 25%). To obtain crystals suitable for X-ray analysis, HAC was dissolved in hot ethanol, and water was added drop-wise until supersaturation. The solution was then allowed to cool at room temperature overnight for optimal nucleation and crystallization. TLC R f [EtOAc/meth- 
Crystallographic data
To perform X-ray crystallographic analysis, commercial 5,6 ␣ -EC and 5,6 ␤ -EC were recrystallized in hot methanol. 
5,6 ␣ -EC gives 6 ␤ -substituted-5 ␣ -cholestan-3 ␤ ,5 ␣ -diols by reaction with AE or ME under catalytic conditions
We next analyzed the structure of the products obtained through the ring opening of the oxirane group of 5,6 ␣ -EC following addition of AE or ME under catalytic conditions. The 3D solid-state structures of the products of addition of 5,6 ␣ -EC with EA, 5 ␣ -hydroxy-6 ␤ -[2-hydroxyethylamino] cholestan-3 ␤ -ol (HAC), and with ME, 5 ␣ -hydroxy-6 ␤ -[2-hydroxyethylsulfanyl]cholestan-3 ␤ -ol (HSC) ( Fig. 1B ) , were determined by X-ray diffraction analysis. Both HAC and HSC are 6 ␤ -substituted-5 ␣ -cholestan-3 ␤ ,5 ␣ -diols, indicating a trans -diaxial opening of the epoxide ring with AE and ME, refl ecting an S N 2 mechanism resulting from the regioselective attack of the nucleophile at C6 ( Fig. 1C ) . Both HAC and HSC had an extended conformation with the four rings of the steroid backbone in a chair conformation with trans junctions in the A, B, C, and D rings. Analyses of the structure of HSC by NMR showed that spatial H-H interactions were estimated between protons from C19 and protons from C28 (from the hydroxyethyl-sulfanyl moiety) and between protons from C19 and protons from C6. Only an interaction between protons from C19 and one proton from C28 could be observed, which is in accordance with the 5 ␣ -hydroxy-6 ␤ -substituted products (supplementary Fig. I ).
Analysis of the structure of 5,6-EC diastereoisomers
To determine whether the difference in the reactivity of 5,6-EC diastereoisomers was due to a difference in their conformation, we carried out structural analyses. Common two-dimensional (2D) representation of rings A and B of 5,6-EC epimers is presented in Fig. 2A ( 33,  34 ) . 5,6-EC diastereoisomers were crystallized and their structures are shown in Fig. 2B . Rings A, C, and D are identical in both 5,6-EC and are in a chair conformation. Ring B of both 5,6-EC is twisted with a different distortion at the junction of rings A and B. In 5,6 ␣ -EC, nucleophiles under our experimental conditions. This differs strongly from SO, which has alkylating properties that have been linked to carcinogenicity ( 32 ).
5,6 ␣ -EC is the sole 5,6-EC diastereoisomer that reacts toward nucleophiles under catalytic conditions
Next, we tested whether [ ␤ -EC could react with AE and ME under catalytic conditions. When the reaction mixture was heated by refl uxing in ethanol (79°C), 5,6 ␣ -EC reacted with AE or ME with a 2% and 7% yield, respectively, whereas no reaction was observed with 5,6 ␤ -EC under the same conditions ( Table 2 ). The addition of a Lewis acid (LiClO 4 ) did not catalyze the reaction at room temperature, but at 79°C there was a 25 and 53% yield of the products of transformation of 5,6 ␣ -EC with AE and ME respectively, showing a 12.5 and 7.5-fold increase in the reaction yield. Even in these conditions 5,6 ␤ -EC was unreactive ( Table 2 ) . These results highlight a difference in the reactivity of both diastereoisomers under catalytic conditions and established that both 5,6 ␣ -EC and 5,6 ␤ -EC are not reactive under noncatalytic conditions. Compounds were incubated at a concentration of 8 mg/ml for 48 h in the absence or presence of AE, ME, or G at a concentration 0.32 mol/l or in complete growth CM for eukaryote cells at the indicated temperatures. The reaction was followed as described in Materials and Methods . +, reaction; AE, 2-aminoethanol; CM, culture medium; G, guanine; ME, 2-mercaptoethanol; NR, no reaction, RT, room temperature; SO, styrene oxide. +, reaction; AE, 2-aminoethanol; ME, 2-mercaptoethanol; NR, no reaction, RT, room temperature. and B (supplementary Fig. I ). In 5,6 ␣ -EC, the hydrogen H6 carried by the C6 and oriented toward the ␤ -side of 5,6 ␣ -EC gave NOESY signals showing the interactions between the hydrogens from C8 and C19 (H8 and H19) ( Fig. 3 ) , which highlighted a similar conformation to that observed in the solid state ( Fig. 2B ) . In 5,6 ␤ -EC, the hydrogen H6 is oriented toward the ␣ -side of 5,6 ␤ -EC and interacts with the hydrogen H3 from C3 but not with H8 and H19, which is consistent with the bent conformation observed in the solid state ( Fig. 2B ) . These data constitute the fi rst experimental evidence of the existence of conformational differences between 5,6 ␣ -EC and 5,6 ␤ -EC. The calculation of the dihedral angles deduced from the measured coupling constants are given in Table 3 . We observed less difference in the conformations of 5,6-EC in solution than that observed in the solid state, showing that the bending of rings at the A,B junction was also less in solution than in the solid state. Energy calculations on the solid state and the energy deduced from dihedral angle measurements in the liquid state showed that 5,6 ␤ -EC had a surprisingly lower energy state than 5,6 ␣ -EC. This results in a greater energy barrier for the transformation of 5,6 ␤ -EC under S N 2 conditions ( Fig. 3B, C ) . These results could explain a decrease, but not the lack of reactivity, of the 5,6 ␤ -EC toward nucleophiles if an attack occurred at C6: the optimal angle of attack for the opening of an epoxide is in the plane of the oxirane ring at 165° compared with the C-O bond to be opened ( 35 ) . According to the rule of Furst and Plattner, the ring opening of an oxirane is mainly driven by the stability of the product of the reaction, which has to be in a trans -diaxial confi guration ( 36 ) . The calculated energy for 5 ␤ -Hydroxy-6 ␣ -[2-hydroxyethylamino]cholestan-3 ␤ -ol is 96 kcal/ mol, establishing an increase of 11 kcal/mol compared the angle C1-C10-C9 is 110.91° and the angle C4-C5-C6 is 120.23°, whereas in 5,6 ␤ -EC these angles were 106.68° and 119.21°, respectively. The conformational differences are highlighted through the superposition of 5,6-EC ( Fig. 2C ). We measured a displacement of 0.68 Å of the oxygen from the hydroxyl in C3 and a displacement of 0.83 Å of the C19 methyl groups. The van der Waals volume of the steroid backbone of 5,6-EC was 241.84 Å 3 for 5,6 ␣ -EC and 242.16 Å 3 for 5,6 ␤ -EC. The difference in the van der Waals volume after superposition of 5,6-EC was 22.19 Å 3 , showing that 5,6 ␣ -EC and 5,6 ␤ -EC have 87% of their van der Waals volume in common; however, there was a 13% difference at the level of ring A of the methyl C19 and of the epoxide ring from 5,6 ␣ -EC ( Fig. 2D ) . The calculation of the total energy of the 5,6-EC showed that 5,6 ␤ -EC is in a lower energy state and thus more stable than 5,6 ␣ -EC ( ⌬ E = 15 kcal/mol). Measurement of dihedral angles at the junction of rings A and B showed different distortions around C7 and C10 ( Table 3 ) between the 5,6-EC, but there were no signifi cant differences in the length of C-O bonds and of the O-C6-C5 angles between the diastereoisomers. We then examined the conformations of 5,6-EC in solution through NOESY NMR experiments to study potential interactions between hydrogen atoms from rings A For solid-state data, angles were measured using the measure tool from InsightII software (Accelrys, Inc., CA).
positioning of the O of the hydroxyl on C3 and of the C19 methyl, in addition to differences due to the presence of the oxirane ring of the ␣ and the ␤ sides of the 5,6-EC. These elements could represent structural motifs responsible for discrimination by enzymes and receptor targets of the 5,6-EC.
Although cholesterol was shown to have antioxidant properties because of the sensitivity of its double bond to oxidation ( 38 ) , we showed here that the oxidation product at ⌬ 5, such as in 5,6-epoxides , is also a possible route for stereoselective transformations. We show that 5,6-EC have a restricted possibility of transformation from one diastereoisomer to obtain one product through a S N 2 mechanism, allowing a stereoselectivity in the reactants as well as in the products of the reaction as only one (5,6 ␣ -EC) of the two 5,6-EC diastereoisomers gave a reaction and only one out four possible theoretical products was obtained through a S N 2 mechanism.
This delineates an attractive mechanism for the stereoselective transformation of 5,6-EC. These data suggest that if an enzyme could catalyze such stereoselective biotransformations, it would give 6 ␤ -substituted-5 ␣ -cholestan-3 ␤ ,5 ␣ -diol. This hypothesis is supported by the fact that 5,6 ␣ -EC was shown to be selectively transformed by glutathione to give 3 ␤ ,5 ␣ -dihydroxycholestan-6 ␤ -yl-S-glutathione ( 22, 23 ) and to produce 5 ␣ -hydroxy-6 ␤ -[2-(1H-imidazol-4-yl)ethylamino] cholestan-3 ␤ -ol (dendrogenin A) in mammalian tissues (de Medina et al., unpublished data). In a previous study, we reported that the products of the catalytic aminolysis of 5,6 ␣ -EC with polyamines such as spermidine and spermine had potent neurodifferentiation properties ( 39 ) , showing that 5,6 ␣ -EC could control the production of other putative metabolites and thus justifying the existence of a metabolic pathway centered on 5,6 ␣ -EC. The fact that the ⌬ 5 double bond of cholesterol drives a stereospecifi c process of transformation supports previous studies underlining the importance of the ⌬ 5 double bond of cholesterol. These studies established that the ⌬ 5 was required for proliferation ( 40 ) , whereas genetic with 5 ␣ -hydroxy-6 ␤ -[2-hydroxyethylamino]cholestan-3 ␤ -ol (85 kcal/mol). Taken together, the lower energy of 5,6 ␤ -EC combined with the higher energy of its product of aminolysis could explain the lack of reactivity of this diastereoisomer in our conditions.
CONCLUSIONS
In this work, we report that under normal S N 2 conditions, 5,6-EC were not reactive toward nucleophiles. This is in contrast to SO, which was reactive in the tested conditions and which is well-known as a weak, directly mutagenic and carcinogenic substance. The reactivity of SO is due to its alkylating properties on nucleophiles found in biomolecules ( 37 ) . We demonstrated that the oxirane group present on the C5-C6 position of each diastereoisomer of 5,6-EC is exceptionally stable toward nucleophiles, including guanine, showing that 5,6-EC are not spontaneous alkylating substances. This ruled out a direct mutagenic and carcinogenicity potency of 5,6-EC in mammals. We next established that 5,6 ␣ -EC can react at C6 with nucleophiles only under catalytic conditions and through a trans -diaxial ring opening, leading to 6 ␤ -substituted-5 ␣ -cholestan-3 ␤ ,5 ␣ -diols. In that case the hydroxyl at C5 is in an anti position with regard to the C19 methyl. In the case of 5,6 ␤ -EC, no reaction occurred because i ) the product of trans -diaxial opening at C6 would have given an energetically unfavorable constrained structure with the hydroxyl at C5 in the syn position with regard to the C19 methyl, and ii ) no attack occurred at C5 for the same reason reported above for 5,6 ␣ -EC. Structure analyses of the 5,6-EC diasteroisomers showed a less pronounced distortion than expected and usually depicted between rings A and B in 5,6 ␤ -EC, in which the A-B ring junction is cis ( 33, 34 ) .
The main difference in the structure of the rigid steroid backbone of 5,6-EC diastereoisomers occurred at the level of the ring A-B junction and showed differences in the studies have shown that the null mutation on the gene encoding lathosterol oxidase, which catalyses the formation of ⌬ 5 to give cholesterol from lathosterol, led to a malformation syndrome known as lathosterolosis associated with pre-or postnatal death ( 41 ) . 
